Non-syndromic sensorineural deafness is an extremely genetically heterogeneous condition. We have used autozygosity mapping in a large consanguineous United Arab Emirate family to identify a novel locus for autosomal recessive non-syndromic sensorineural deafness, DFNB27, on chromosome 2q23-q31, with a maximum two-point lod score of 5.18 at θ = 0 for marker D2S2257. The DFNB27 locus extends over a 17 cM region between D2S2157 and D2S2273, and may overlap the DFNA16 locus for dominantly inherited, fluctuating, progressive non-syndromal hearing loss. However, genotype data suggests that the locus is likely to be refined to between D2S326 and D2S2273 and thus distinct from the DFNA16 locus.
Introduction
Non-syndromal sensorineural hearing impairment in humans is genetically heterogeneous showing autosomal recessive, autosomal dominant, X-linked or mitochondrial modes of transmission. Autosomal recessive inheritance accounts for the majority (about 80%) of cases, is highly heterogeneous, with 22 loci (DFNB1-18, 20, 21, 26 and 28) reported to date (Hereditary Hearing Loss Homepage). These developments in molecular genetics are rapidly leading to diagnostic tests which will become routine in identifying inherited causes of hearing impairment.
Materials and methods
We ascertained a large consanguineous Baluchi family from the United Arab Emirates with seven individuals with prelingual non-syndromal sensorineural hearing impairment in two sibships (Figure 1 ). The presence of complex consanguinity in the family permitted an autozygosity (homozygosity) mapping approach to carry out a genome search.
1 A genomewide linkage screen was performed using the Weber microsatellite marker panel version 8 (Research Genetics, Huntsville, AL, USA), which comprised 386 fluorescently labelled primer pairs, with an average marker spacing of 10 cM. PCR amplification of microsatellite markers was carried out using the MWG Roboseq 4200 robot. The products were pooled and run on a 4.2% polyacrylamide gel at 3000 V for 2.5 h on an ABI Prism 377 sequencer. The ABI Prism Genescan and Genotyper 1.1.1 programs were used to analyse the gel images to derive allele sizes. Additional microsatellite markers were chosen for fine mapping on 2q from the Généthon Linkage Map or the Genome Database. Distances between markers were calculated using the Marshfield Linkage Map. Linkage analysis was performed assuming a fully penetrant autosomal recessive mode of inheritance and a disease allele frequency of 0.004. Two point analysis was performed using the MLINK component of the LINKAGE programs. 2, 3 Marker allele frequencies were calculated by typing 34 controls from the same population, with a lower limit for allele frequencies set at 0.1.
Results
A genome search revealed a region of homozygosity on chromosome 2q in all the affected individuals in the consanguineous sibship ( Figure 1 ). This area extends for an interval of 46 cM between D2S156 and GATA30E06 (in individuals VI:6, VI:7, and VI:10, sibship 2, data not shown). Homozygosity was not seen for this interval in the unaffected siblings in this sibship. The haplotype from the homozygous region is carried by the father of the other sibship, V:1, and is inherited by all his affected offspring. Individuals VI:1, VI:3 and VI:4 also share the same maternal haplotype over the entire region, but VI:5 shares only the region distal to D2S2157 due to a recombination event between D2S2157 and D2S326. Therefore the minimum critical region for DFNB27 is a 17 cM region between D2S2157 and D2S2273. Two point linkage analysis gives a maximum lod score of 5.18 at θ = 0 for marker D2S2257 (Table 1) .
It is interesting to note that although V:2 is not known to share a common ancestor with the family, she has the same haplotype in common with her husband, and also the other parents, V:3 and V:4, for markers D2S2307, D2S2257 and D2S148. Therefore, if she were unknowingly related, which is possible since the family originates from the same small village, there would be a region of homozygosity by descent shared by all seven affected individuals in the pedigree between markers D2S326 and D2S2273.
Discussion
The DFNB27 critical region overlaps with the critical region to which DFNA16 was recently mapped on 2q23-q24.3 in a family with fluctuating, progressive autosomal dominant nonsyndromal hearing loss. 4 The DFNA16 locus maps between markers D2S2380 and D2S335. There are two possible explanations for these findings. Firstly, the two deafness disorders mapping to DFNB27 and DFNA16 could be caused by mutations in the same gene which would map within the overlapping interval of the two loci, between markers D2S2157 and D2S335. This has been the case with other hearing impairment loci, for autosomal recessive and dominant inherited hearing impairment loci DFNB1 and DFNA3 mapping to 13q12, 5, 6 as well as for DFNB2 and DFNA11 to 11q12.3-q21, 7, 8 with mutations DFNB27 maps to 2q23-q31 y being identified GJB2 9,10 in the former and MYOVIIA [11] [12] [13] in the latter. In addition, mutations in the TECTA gene have been shown to cause both autosomal dominant and recessive non-syndromal sensorineural hearing impairment. 14, 15 Alternatively, the two disorders could be caused by mutations in two different genes on 2q, as appears to be the situation on 1p34 for DFNA2. 16 Also on 11q23, in addition to the TECTA gene, another locus responsible for inherited hearing impairment, DFNB24, has been mapped, with TECTA being excluded as the causative gene (Smith R, unpublished data, 2000, Hereditary Hearing Loss Homepage). This second hypothesis would be supported if V:2 did, in fact, share a common ancestor with V:1, which would seem likely in view of their common origin and the high rate of consanguinity. The autozygous region between D2S326 and D2S2273 would then define a 9 cM critical region for DFNB27 that may be distinct from, and no longer overlap with DFNA16. Further genotyping within this region and/or the identification of further families with either autosomal dominant or recessive non-syndromal sensorineural hearing impairment mapping in the interval 2q23-q31 could help refine the critical regions and confirm whether the two loci are distinct. The brain sodium-channel α-subunit genes SCN1A, SCN2A1 and SCN3A, which map to the critical region, are potential candidate genes for both DFNA16 4 and DFNB27, as well as a more recently identified fourth isoform, SCN2A2 which is known to localise to 2q23-q24. 17 Identification of mutations in one or more of these genes, or other positional candidate genes, will determine whether DFNA16 and DFNB27 are allelic. 
